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(54) Adhesive composition for bonding different kinds of members 



(57) A composite material is produced by a method 
where an adhesive composition which comprises a par- 
ticulate material that reduces thermal stress and a braz- 
ing material containing a noble metal element as a base, 
wherein the adhesive composition can bond two or more 
kinds of different members to form a composite member 
with sufficient bond strength to avoid causing damages, 
such as cracks that occur on the side of the member 



that is weak against thermal stress, and also by a meth- 
od to produce a composite member comprised of two or 
more kinds of different members, in which either the ad- 
hesive composition is used or the bonding portion of the 
different members is filled with the particulate material 
that reduces thermal stress, and then a molten brazing 
material is poured there into, and cooled to bond the 
members. 
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Description 

Field of the Invention and Related Art 

[0001] The present invention relates to an adhesive 
composition considerably reduced in residual stress, 
and to the utilization of this composition. More particu- 
larly, it relates to; an adhesive composition that can be 
used to bond two or more kinds of members which main- 
tain high airtightness and are very different from each 
other in terms of their thermal coefficient of expansion, 
a composite member comprising members bonded us- 
ing the adhesive composition, and a method for produc- 
ing the composite member using the adhesive compo- 
sition. 

[0002] In the case of bonding of different kinds of 
members, especially when one of the members is easily 
damaged by thermal stress, cracks occur at and around 
the bonded interface during the bonding operation, par- 
ticularly during the cooling operation after bonding at 
high temperatures, and the desired bond strength can- 
not be maintained. Therefore, the resulting composite 
member, which is a bonded body of the different mem- 
bers, is frequently broken during use causing accidents 
and other related problems. Furthermore, since cracks 
occur in the member which is weak against thermal 
stress, high airtightness as composite members cannot 
be maintained, and hence, the composite members 
must be disposed of as defective products, which results 
in an overall increase in costs. 

[0003] For example, as an example of bonding of dif- 
ferent members, a brazing material is used for the bond- 
ing of a ceramics member and a metallic member In this 
case, in order to assure wetting of the ceramics member 
with the brazing material, generally after the surface of 
the ceramics member to be bonded is plated with a met- 
al such as Ni, both the members are positioned facing 
each other with a suitable space in between and then a 
brazing material is poured into the space to bond the 
members. However, this method is not sufficient for di- 
minishing thermal stress, and cracks often occur on the 
side of the ceramics member which is easily damaged 
by thermal stress, to affect not only the bond strength, 
but also various performances required for composite 
members, such as airtightness. 

[0004] Furthermore, in order to ease the thermal 
stress, there is employed a method of using as an inter- 
mediate material a metal of low thermal coefficient of 
expansion or a soft metal capable of easing thermal 
stress upon plastic deformation at the time of bonding 
and a method of optimizing the interfacial reaction layer. 
[0005] However, these techniques also have faults 
and are not necessarily highly flexible. There is a high- 
pressure solid phase bonding method which is now un- 
der development but this method has not yet attained 
sufficient bonding strength and still has some unre- 
solved issues which must be cleared up before practical 
use is possible. 



[0006] On the other hand, as a composite solder, JP- 
A-6-1 26479 discloses a solder containing a powder 
comprising a material with a higher melting point than a 
solder. By filling the powder, comprising a material with 

s a higher melting point than the solder, only into the cen- 
tral portion of the body of solder, this composite solder 
aims at overcoming the insufficient wetting with solder 
due to the powder present on the surface of convention- 
al solders. In other words, this composite soldier aims 

10 at increasing the bond strength at the bonded interface. 
However, this composite solder does not effectively di- 
minish thermal stress, and thus cannot be used for the 
bonding of different kinds of members which contain 
large differences in the amount of strength that they pos- 

is sess against thermal stress. 

Summary of the Invention 

[0007] The present invention provides, an adhesive 
20 composition for bonding two or more kinds of different 
members, which can bond the kinds of different mem- 
bers and maintain a proper bonding strength without 
causing a phenomenon, due to thermal stress during the 
cooling operation after bonding at high temperatures, of 
25 reduction in bond strength at or around the bonded in- 
terface, or the occurrence of cracks at the members 
which are easily damaged by thermal stress during cool- 
ing operation; a composite member comprised of mem- 
bers bonded using the adhesive composition; and a 
30 method for producing the composite member using the 
adhesive composition. 

[0008] As a result of intensive research conducted by 
the inventors, it has been found that the above objects 
can be attained by using a brazing material as a base, 
35 which is less restricted by kind or shape of the members 
to be bonded, and has a wide range of selections for 
bonding form, and by adding a particulate material ca- 
pable of reducing thermal stress to said brazing materi- 
al. Thus, the present invention has been accomplished. 

40 

Brief Description of Drawings 

[0009] FIG. 1 is a schematic view showing the con- 
• struction of a composite member subjected to measure- 
rs ment of residual stress. 

[0010] FIG. 2 is an electron microphotograph showing 
the state of bonded interface of one composite member 
according to the present invention. 
[0011] FIG. 3 is an electron microphotograph showing 
so the state of bonded interface of the composite member 
according to a conventional method. 

Preferred Embodiments of the Invention 

55 [0012] The adhesive composition of the present in- 
vention, which can Be used to bond two or more kinds 
of different members, can be prepared by adding a par- 
ticulate material that reduces thermal stress to a brazing 
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material. As the brazing material, there may be used any 
brazing materials as long as they can be used to bond 
different members with various differing properties, in- 
cluding thermal stress, such as ceramics members per 
se. metallic members per se, and a ceramic member s 
and a metallic member. Of course, suitable materials 
can be selected depending on the properties of the 
members to be bonded. When either of the members to 
be bonded is a ceramics member, particularly, a porous 
ceramics member, brazing materials comprising a noble io 
metal element, such as Ag, can be suitably used as a 
base. Such brazing materials include Ag-Cu-Ti brazing 
materials, Ag-Cu brazing materials and the like. Among 
them, suitable is BAg-8 (melting point: 780°C) which is 
a silver based brazing material containing 27% of Cu. is 
Typically the base metal is at least 50% by weight. 
[001 3] Hnc particles of ceramics and fine particles of 
cermet which is a composite material of ceramics and 
metals, line pomelos of low expansion metal can be suit- 
ably used as no particulate materials that reduce ther- 20 
mal stiess The ceiainics line particles include fine par- 
ticles ol silcon nttndc. aluminum nitride, alumina and 
the like The cermet fine particles include fine particles 
of Ni-Al 2 0 3 Cu Al 2 0 3 and the like The metal fine par- 
ticles include tine particles ol molybdcmum and tung- 25 
sten and tho liko In order to efficiently reduce the ther- 
mal stress, it is desirable that the average particle size 
of these materials be within a given range. The average 
particle size is preferably 30-150 um. When ceramics is 
used, wetting with brazing materials must be taken into 30 
consideration, and hence the surface may be plated with 
metals such as Ni. Cu and Ag. The plating method is not 
limited, but electroless plating is preferred. 
[001 4] The brazing material and the particulate mate- 
rial that reduces the thermal stress are usually mixed 3S 
before use at a ratio of 70:30-10:90 However, bonding 
may also be carried out by p re-filling the part to be bond- 
ed with a given amount of the particulate material to re- 
duce the thermal stress and then pouring therein a given 
amount of the brazing material in a molten state. *o 
[001 5] The combination of the different kinds of mem- 
bers which can be bonded with the adhesive composi- 
tion of the present invention include, a ceramics mem- 
ber and a metallic member; ceramics members per se 
differing in various properties; and metallic members per *s 
se differing in various properties. Both oxide type ce- 
ramics members and non-oxide type ceramics mem- 
bers can be used as the ceramics members, however 
non-oxide type ceramics members lower in thermal co- 
efficient of expansion and other members can be suita- so 
bly used for bonding. Bonding of a ceramics member for 
separation of gases and a metal port member is an ex- 
ample of such bonding. According to the adhesive com- 
position of the present invention, generation of thermal 
stress, as the temperature is lowered from a high tern- ss 
perature of 800°C or higher at bonding to room temper- 
ature (about 25°C) can be considerably diminished. 
Therefore, the adhesive composition can exhibit the de- 



sired effect in bonding of different kinds of members that 
posses large differences in thermal stress, for example, 
bonding of a non-oxide type ceramics member which is 
low in thermal coefficient of expansion and a metallic 
member which is high in thermal coefficient of expan- 
sion. 

[0016] The bonding method of the present invention 
can be carried out by pouring the adhesive composition 
of the present invention, in molten state, which is a mix- 
ture of the brazing material and the particulate material 
to reduce the thermal stress, into the portion to be bond- 
ed between two or more kinds of different members, and 
then cooling according to the conventional method. The 
cooling time can be determined by considering the prop- 
erties of the members to be bonded, but is usually in the 
range of 1 -1 0 hours. The cooling operation is preferably 
carried out by a slow cooling method because this will 
significantly reduce the influence of thermal stress, The 
slow cooling method is carried out over a period of 2.5-5 
times that employed for the usual cooling method : and 
this cooling method can minimize the influence of the 
thermal stress on the bonded portion. 
[0017] Of course, the bonding can be performed by 
pre-filling a given amount of the material to reduce the 
thermal stress into the portion to be bonded between 
the members and thereafter pouring a given amount of 
the brazing material molten by heating to higher than 
the melting point into the portion to be bonded. The cool- 
ing method is the same as when the adhesive compo- 
sition was used to obtain by mixing the brazing material 
with the particulate material that reduces the thermal 
stress. 

[0018] As the composite members according to the 
present invention, mention may be made of those com- 
ponent members comprising two or more kinds of differ- 
ent members which are bonded with the adhesive com- 
position of the present invention, for example, a com- 
posite member obtained by bonding a porous ceramics 
member and a metallic member extremely high in their 
thermal coefficient of expansion; ceramics members per 
se differing from each other in thermal coefficient of ex- 
pansion; or metallic members per se differing from each 
other in thermal coefficient of expansion. A more spe- 
cific example is a composite member for gas separation 
formed by bonding a porous alumina member used for 
separation of hydrogen gas and a metallic port member 
to be fitted to various gas analyzers. Of course, the com- 
posite members of the present invention include those 
obtained by bonding three or more kinds of different 
members. 

Example 

[0019] The present invention will be explained by the 
following examples and comparative examples, howev- 
er it should be understood that the present invention is 
not limited to these examples. 

[0020] The method for the measurement of residual 
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stress employed in the following examples will be ex- 
plained. Since the thermal stress cannot be directly 
measured, strain (MPa) is measured by the following 
method and this is taken as the residual stress, and is 
regarded to be a measure of thermal stress. This is be- 
cause this residual stress is generated as a result of the 
action of thermal stress during the cooling operation. 
[0021] Measurement of this residual stress is con- 
ducted by bonding a metallic member 1 and a ceramics 
member 2 with an adhesive composition 3 provided 
therebetween as shown in FIG. 1 , attaching a strain 
gauge to nearly the center of the ceramics member, then 
cooling the laminate to apply a stress caused by heat, 
thereafter forcedly removing the metallic member, and 
measuring the degree of strain generated in the cooling 
operation by the strain gauge. 

Example 

[0022] An alumina member for gas separation as a 
ceramics member and a metal port member for fitting 
as a metallic member were bonded using an adhesive 
composition of the present invention which was pre- 
pared by adding Ni-plated alumina fine particles of 40 
[xm in average particle size as a particulate material re- 
ducing the thermal stress to BAg-8 brazing material at 
a ratio of 40:60. Bonding conditions were as follows. 

Bonding temperature: 800*0 
Holding time: 10 minutes (800°C) 
Heating rate: 800°C/hour (1 hour from room tem- 
perature to 800°C and 1 hour from 800°C to room 
temperature) 

Atmosphere: vacuum (10- 6 torr) 

[0023] In addition, a composite member was pre- 
pared using the same materials as above with slow cool- 
ing over a period of 5 hours. 

[0024] The residual stress was measured on the re- 
sulting two composite members by the method ex- 
plained above to obtain 67.3 and 1 7.6 MPa, respective- 
ly. 

[0025] The state of the interface of the bonded portion 
of the composite member prepared in accordance with 
this example was examined by an electron microscope 
to find no cracks as shown in FIG. 2. 

Comparative Example 

[0026] The same alumina member for gas separation 
and metallic member as used in the above Example 
were bonded using the brazing material BAg-8. In this 
case s the bonding surface of the alumina member for 
gas separation was plated with Ni. After cooling opera- 
tion by the conventional method, the residual stress was 
determined by the above method to obtain 105 MPa. 
The state of the interface of the bonded portion of the 
composite member was examined by an electron micro- 



scope to find an occurrence of cracks as shown in FIG. 

3. 

[0027] The adhesive composition of the present in- 
vention has less residual stress, and therefore it does 

5 not cause the generation of cracks on the side of non- 
metallic members that readily suffer from mechanical 
fracture, such as ceramics members. Thus, composite 
members having sufficient bond strength can be pro- 
duced. Furthermore, because cracks are not generated, 

io the present invention can provide excellent composite 
members that have high airtightness requirements. 



Claims 

15 

1. 1 . An adhesive composition for bonding two or more 
different members which comprises a brazing ma- 
terial and a particulate material that reduces ther- 
mal stress. 

20 

2. An adhesive material according to claim 1 , wherein 
a base metal for said brazing material is Au, Ag, Cu, 
Pd : Al or Ni, and said particulate material is ceram- 
ics fine particle, cermet fine particle or low-expan- 

25 sion metal fine particle. 

3. An adhesive composition according to claim 1 or 2, 
wherein said particulate material is ceramics fine 
particle with a surface coated with a metal by plating 

30 or sputtering. 

4. A composite member which comprises two or more 
members differing in thermal stress from each other 
and an adhesive composition bonding said mem- 

35 bers and comprising a brazing material and a par- 
ticulate material that which reduces thermal stress. 

5. A composite member according to any one of 
claims 4-8, which is a member for gas separation 

40 tubes. 

6. A method for producing a composite member which 
comprises two or more members differing in thermal 
stress and opposing each other with a space be- 

*s tween sufficient to bond the members, wherein ah 
adhesive composition for bonding the members, 
comprised of a brazing material and a particulate 
material thai reduces thermal stress, is poured into 
said space, and then the adhesive composition is 

so cooled to bond said members. 

7. A method for producing a composite member which 
comprises two or more members differing in thermal 
stress and opposing each other with a space be- 

55 tween sufficient to bond the members, wherein an 
amount of a ceramic fine particle, a cermet fine par- 
ticle or a low-expansion metal fine particle is filled 
into said space, and subsequently a brazing rnate- 
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rial is poured into said space in a molten state, then 
cooled to bond said members, said brazing material 
having preferably a noble metal element as a base. 

8. A composite member or method according to any 
one of claims 4 to 7, wherein the base metal of said 
brazing material is Au, Ag, Cu, Pd, Al or Ni, and said 
particulate material is ceramics fine particle, cermet 
fine particle or low expansion metal fine particle. 

9. A composite member or method according to any 
one of claims 4 to 8, wherein said particulate mate- 
rial is ceramics fine particle with the surface coated 
with a metal by plating or sputtering. 

10. A composite member or method according to any 
one of claims 4 to 9, wherein at least one of said 
members is a ceramics member. 

11. A composite member or method according to any 20 
one of claims 4 to 1 0, wherein said composite mem- 
ber co prises a ceramics member and a metallic 
member. 

25 
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Fig. 2 




Fig. 3 
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